SEQUENCE LISTING 



<110> Hallahan, David L. 

<120> cis -Prenyl transf erases from Plants 

<130> BC1019 US NA 

<140> 
<141> 

<150> 60/155,046 

<151> 1999-09-21 

<160> 37 

<170> Microsoft Office 97 



<210> 1 

<211> 1388 

<212> DNA 

<213> Dimorphotheca 



<400> 1 

ggcacgacag 

agctcactca 

gaattgtgag 

gcgcaattaa 

tctagaacta 

tcttcccctc 

ccaccgtggt 

ggaggaacgc 

gatcatggat 

catggaaggt 

agtccttact 

tttcttgatg 

gggtatccag 

cattacatat 

aaattatagt 

agacggtgtc 

aaattgtatt 

gagcaacttc 

gcctgatttt 

acgttatggt 

gatatgtttc 

ttaaataggc 

ttatgcttac 

aaaaaaaa 



gtttcccgac 
ttaggcaccg 
cggataacaa 
ccctcactaa 
gtggatcccc 
tacttaccca 
ctttatgtat 
attactccag 
ggaaacagga 
gcacgctcat 
gtgtttgcct 
ggactaattg 
ctttcggtta 
gctgaaaaca 
ggaaaatatg 
attcaacccg 
ccttttccac 
tttttgtggc 
99tgaagatg 
ggatgagatt 
aatactattt 
aatagagcat 
ctaaaagaaa 



tggaaagcgg 
caggctttac 
tttcacacag 
agggaacaaa 
cgggctgcag 
aatatccttg 
tcaaccaatc 
caggactcaa 
gatgggctcg 
tgaaggtgat 
tctcagctga 
aaagtgtatt 
tcggagacac 
tcacgaagaa 
atatcgtcca 
aagaaatcaa 
accctgatct 
aattggcgta 
aacttttaca 
cttaaacaac 
atattattat 
gccacctaat 
atatatatga 



gcagtgagcg 
actttatgct 
gaaacagcta 
aggctggagc 
gaattcggca 
ttatttcccg 
agacaccact 
gcacgagtta 
atcacgtggg 
ggtggaattg 
taactggtta 
aaaagatgaa 
atctaagctt 
caactcacaa 
agcttgtcaa 
tgagtttacg 
actaattcgg 
tactgaatta 
tgctttaaat 
cctgtagagt 
tatgttgtaa 
atgtctagtt 
agagaaaagc 



caacgcaatt 
tccggctcgt 
tgaccatgat 
tccaccgcgg 
cgagcttaaa 
gcctctctct 
ggaggtggaa 
atgccaaagc 
ttaatgccgg 
tgtcgtaaat 
agacccaaag 
gttgttcata 
ccaaaatcgg 
ctcaatcttg 
agcatcgcac 
attgaaaatg 
actagtgggg 
tacttcagtg 
acttttcaac 
tgcatatcat 
tatcgtacta 
atgagattct 
ttatgtaaaa 



aatgtgagtt 
atgttgtgtg 
tacgccaagc 
tggcggccgc 
taatgcttaa 
ccaccaacca 
ttaattcgct 
atgtggcagt 
atgctggtta 
ggggaattca 
ttgaagttga 
tgatcaaaga 
taaaacggat 
ttgtagcaat 
taaaagtcaa 
aacttggtac 
agcttagagt 
aaactctttg 
atagacgaag 
attgactttt 
gaacatgaat 
aaagacgtaa 
aaaaaaaaaa 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1388 



<210> 2 
<211> 287 
<212> PRT 

<213 > Dimorphotheca 
<400> 2 

Met Leu Asn Leu Pro Leu Tyr Leu Pro Lys Tyr Pro Cys Tyr Phe Pro 
15 10 15 

Ala Ser Leu Ser Thr Asn His His Arg Gly Leu Tyr Val Phe Asn Gin 
20 25 30 

Ser Asp Thr Thr Gly Gly Gly lie Asn Ser Leu Glu Glu Arg lie Thr 
35 40 45 



1 



Pro Ala Gly Leu Lys His Glu Leu Met Pro Lys His Val Ala Val lie 
50 55 60 

Met Asp Gly Asn Arg Arg Trp Ala Arg Ser Arg Gly Leu Met Pro Asp 
65 70 75 80 

Ala Gly Tyr Met Glu Gly Ala Arg Ser Leu Lys Val Met Val Glu Leu 
85 90 95 

Cys Arg Lys Trp Gly lie Gin Val Leu Thr Val Phe Ala Phe Ser Ala 
100 105 110 

Asp Asn Trp Leu Arg Pro Lys Val Glu Val Asp Phe Leu Met Gly Leu 
115 120 125 

lie Glu Ser Val Leu Lys Asp Glu Val Val His Met lie Lys Glu Gly 
130 135 140 

lie Gin Leu Ser Val lie Gly Asp Thr Ser Lys Leu Pro Lys Ser Val 
145 150 155 160 

Lys Arg lie lie Thr Tyr Ala Glu Asn lie Thr Lys Asn Asn Ser Gin 
165 170 ~ 175 

Leu Asn Leu Val Val Ala lie Asn Tyr Ser Gly Lys Tyr Asp lie Val 
180 185 190 

Gin Ala Cys Gin Ser* lie Ala Leu Lys Val Lys Asp Gly Val lie Gin 
195 200 205 

Pro Glu Glu lie Asn Glu Phe Thr lie Glu Asn Glu Leu Gly Thr Asn 
210 215 220 

Cys lie Pro Phe Pro His Pro Asp Leu Leu lie Arg Thr Ser Gly Glu 
225 230 235 ~ " 240 

Leu Arg Val Ser Asn Phe Phe Leu Trp Gin Leu Ala Tyr Thr Glu Leu 
245 250 255 

Tyr Phe Ser Glu Thr Leu Trp Pro Asp Phe Gly Glu Asp Glu Leu Leu 
260 265 270 

His Ala Leu Asn Thr Phe Gin His Arg Arg Arg Arg Tyr Gly Gly 
275 280 285 



<210> 3 

<211> 1082 

<212> DNA 

<213> Calendula officinalis 



<400> 3 

atgacattat tttccctaat tactcaatta aaccttgttt agctcctaaa ccacactctt 60 

ccaactctaa tttcttcaac cgcgtgtcac caataacttc ggggataatt cgttcatcga 120 

ttacaaatat atcaacggtt ttgagcaatg aaaataccaa actgaaaacc aaaaaaagaa 180 

gaagtagaat taccaggggg tctcgaagaa gaactaatgc caaaacacgt tgcattcata 240 

atggatggaa accgtcgatg ggcggtggaa aaaggttggt ctccaatgac gggtcatagt 3 00 

gccatgagaa agacgcttca atctctcctt tttcgatgtt ccaaattcaa aatcaaagcg 360 

gtatcgattt atgcattttc taccgaaaat tggactcgcc cgaaggaaga agttgatttc 420 

ctaatggaga tgtatgaaga tttattgagg acagatgctg aggagctctt aagtcttggt 4 80 

tgtcgagtaa gcataatggg gaaaaagacc aaccttccga aatcactaca aaagttatgc 540 

atcgaaatag aagaaaaatc aagagccaat tcaggaaccc atgttaacta tgcactcaac 600 

tacagtggaa aatacgacat aatcgaagct tgtaaaagcg tcgctacaaa agtcaaggat 660 



2 



ggtgttatta ttccaaaaca gatcgacgaa aaatatttca aacaagaact cggtaccaaa 72 0 
atgatcgatt ttccttaccc tgacctagtt atacgtacaa gcggggaaat taggcttagt 780 
aatttcatgc tatggcagat ggcgtatagc gagctttatt tcacggataa atactttccg 84 0 
gattttgggg aaaatgatct tatcgaggct ttacttgcat ttcaaaaagt gcgtaaatgt 900 
taataacttg ttgtggttaa gacgagtgtg gtagaatatc aataaatgac tcgtttcggc 960 
ggcgttgtgt atgccacatt atatgtctta gtgtctatca gaattcgaat ttgatttata 1020 
gtcgcttgag atatgaaaac ttattatatt tgttcgatca aaaaaaaaaa aaaaaaaaaa 1080 
aa 1082 



<210> 4 
<211> 228 
<212> PRT 

<213> Calendula officinalis 
<400> 4 

Met Pro Lys His Val Ala Phe lie Met Asp Gly Asn Arg Arg Trp Ala 
1 5 10 15 

Val Glu Lys Gly Trp Ser Pro Met Thr Gly His Ser Ala Met Arg Lys 
20 25 30 

Thr Leu Gin Ser Leu Leu Phe Arg Cys Ser Lys Phe Lys lie Lys Ala 
35 40 45 

Val Ser lie Tyr Ala Phe Ser Thr Glu Asn Trp Thr Arg Pro Lys Glu 
50 55 60 

Glu Val Asp Phe Leu Met Glu Met Tyr Glu Asp Leu Leu Arg Thr Asp 
65 70 ' 75 ~ 80 

Ala Glu Glu Leu Leu Ser Leu Gly Cys Arg Val Ser lie Met Gly Lys 
85 90 95 

Lys Thr Asn Leu Pro Lys Ser Leu Gin Lys Leu Cys lie Glu lie Glu 
100 105 110 

Glu Lys Ser Arg Ala Asn Ser Gly Thr His Val Asn Tyr Ala Leu Asn 
115 120 125 

Tyr Ser Gly Lys Tyr Asp lie lie Glu Ala Cys Lys Ser Val Ala Thr 
130 ~ ~ ~ 135 ' 140 

Lys Val Lys Asp Gly Val lie lie Pro Lys Gin lie Asp Glu Lys Tyr 
145 150 155 160 

Phe Lys Gin Glu Leu Gly Thr Lys Met lie Asp Phe Pro Tyr Pro Asp 
165 170 175 

Leu Val lie Arg Thr Ser Gly Glu lie Arg Leu Ser Asn Phe Met Leu 
180 185 190 

Trp Gin Met Ala Tyr Ser Glu Leu Tyr Phe Thr Asp Lys Tyr Phe Pro 
195 200 205 

Asp Phe Gly Glu Asn Asp Leu lie Glu Ala Leu Leu Ala Phe Gin Lys 
210 215 220 



Val Arg Lys Cys 
225 

<210> 5 
<211> 1071 



3 



<212> DNA 

<213> Hevea brasiliensis 



<400> 5 

tctcattcga 

tacaggcttc 

taagtcagtg 

cttttaggga 

actcatattg 

gaaggaggtg 

gagttaggag 

cctcatgagg 

gaagaaagta 

ttaagtgagc 

aaatgtgtgc 

gaagaatcct 

aatgcaactg 

aaacttgtag 

acttctgggg 

tattctcctt 

aacttccaac 

tctgttccta 



gtgctcaagt 
gggttaaagc 
atttaaggaa 
agtatatgag 
ccttcatatt 
gtcataaggc 
tgaaatatgc 
ttcagtacgt 
tcatcaatgc 
ccgtcaagac 
ttctcattgc 
ctgaattgaa 
gaagcagtac 
accttgagaa 
agacccgtct 
atgcactgtg 
gtcattattc 
gctcatcctg 



tgcaaaccac 
atcgtgatgt 
aatggaatta 
aaaagggtta 
ggatggaaac 
tggattttta 
gactatctat 
aatggatcta 
atatgatatt 
cgcagcagat 
tgtatgctat 
ctccaatgaa 
tgtgattcaa 
aaacacctac 
gagcaactac 
gccagagatt 
ttacttggag 
ccttattccg 



ttttgatttt 
gggtttaagg 
tacaacggtg 
tatagcatcc 
aggaggtttg 
gctcttctga 
gcctttagca 
atgctggaga 
tgcgtacgtt 
aagattatga 
acttcaactg 
gtttgtaaca 
actgagaaca 
ataaatcctt 
ttactttggc 
ggtcttcgac 
aaacataagg 
ataggttaag 



ggaggattta 
aaatggaatt 
agaggccaag 
taacccaggg 
ctaagaagca 
acgtactaac 
tcgataattt 
agattgaagg 
ttgtgggtaa 
gggctactgc 
atgagatcgt 
atcaagaatt 
tggagtcgta 
atcctgatgt 
agactactaa 
acgtggtgtg 
aatacttaaa 
cttaagcata 



ccgagtcacc 
atataccagt 
tgtgttcaga 
tcccatccct 
taaactgcca 
ttattgctat 
tcgaaggaaa 
gatgatcatg 
cctgaagctt 
caacaattcc 
gcatgctgtt 
ggaggaggca 
ttctggaata 
tctgattcga 
ttgcatactg 
gtcagtaatt 
ataatttggt 
t 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1071 



<210> 6 

<211> 290 

<212> PRT 

<213> Hevea brasiliensis 



<400> 6 
Met Glu Leu 
1 



Tyr Asn Gly Glu Arg Pro Ser Val Phe Arg Leu Leu Gly 
5 " 10 15 



Lys Tyr Met 



Arg Lys Gly Leu Tyr Ser lie Leu Thr Gin Gly 
20 25 30 



Pro lie 



Pro Thr His 
35 



lie Ala Phe lie Leu Asp Gly Asn Arg Arg Phe Ala Lys 
40 45 



Lys His Lys 
50 



Leu Pro Glu Gly Gly Gly His Lys Ala Gly Phe 
55 60 



Leu Ala 



Leu Leu Asn 
65 



Val Leu Thr Tyr Cys Tyr Glu Leu Gly Val Lys Tyr Ala 
70 75 80 



Thr lie Tyr Ala Phe Ser lie Asp Asn Phe Arg Arg Lys Pro His Glu 
85 90 95 



Val Gin Tyr Val 
100 



Met Asp Leu Met Leu Glu Lys lie Glu Gly Met lie 
105 110 



Met Glu Glu Ser 
115 



lie lie Asn Ala Tyr Asp lie Cys Val Arg Phe Val 
120 "* 125 



Gly Asn Leu Lys 
130 



Leu Leu Ser Glu Pro Val Lys Thr Ala Ala Asp Lys 
135 140 



lie Met Arg Ala 
145 



Thr Ala Asn Asn Ser Lys Cys Val Leu Leu lie Ala 
150 155 160 



Val Cys Tyr Thr Ser Thr Asp Glu lie Val His Ala Val Glu Glu Ser 
165 170 175 



Ser Glu Leu Asn 
180 



Ser Asn Glu Val Cys Asn Asn Gin Glu Leu Glu Glu 
185 190 



4 



Ala Asn Ala Thr Gly Ser Ser Thr Val lie Gin Thr Glu Asn Met Glu 
195 200 205 



Ser Tyr Ser Gly lie Lys Leu Val Asp Leu Glu Lys Asn Thr Tyr lie 
210 ~ 215 220 

Asn Pro Tyr Pro Asp Val Leu lie Arg Thr Ser Gly Glu Thr Arg Leu 
225 230 235 240 

Ser Asn Tyr Leu Leu Trp Gin Thr Thr Asn Cys lie Leu Tyr Ser Pro 
245 250 255 

Tyr Ala Leu Trp Pro Glu lie Gly Leu Arg His Val Val Trp Ser Val 
260 265 270 

lie Asn Phe Gin Arg His Tyr Ser Tyr Leu Glu Lys His Lys Glu Tyr 
275 280 285 

Leu Lys 
290 

<210> 7 
<211> 1000 
<212> DNA 

<213> Hevea brasiliensis 



<400> 7 

cgggttaagt 

tcagactttt 

tccctactca 

tgccagaagg 

gctatgagtt 

ggaaacctca 

tcatggaaga 

agcttttaag 

attccaaatg 

ctgttgaaga 

aggcaaatgc 

gaataaaact 

ttcgaacttc 

tactgtattc 

taattaactt 

ttgtttctgt 

gtggaataaa 



cagtgattta 
agagaagtat 
tattgccttc 
aggtggtcat 
aggagtgaaa 
tgaggttcag 
aagtatcatc 
tgagccagtc 
tgtgcttctc 
atcctctgaa 
aactggaagc 
tgtagacctt 
tggggagacc 
tccttatgca 
ccaacgtcat 
tcctagctca 
ctcggacact 



aggaaaatgg 
atgagaaaag 
atattggatg 
aaggctggat 
tatgcgacta 
tacgtaatgg 
aatgcatatg 
aagaccgcag 
attgctgtat 
ttgaactcca 
agtactgtga 
gagaaaaaca 
cgtctgagca 
ctgtggccag 
tattcttact 
tcctgcctta 
taattaagcc 



aattatacaa 
ggttatatag 
gaaacaggag 
ttttagctct 
tctatgcctt 
atctaatgct 
atatttgcgt 
cagataagat 
gctatacttc 
atgaagtttg 
ttcaaactga 
cctacataaa 
actacttact 
agattggtct 
tggagaaaca 
ttcgcgatag 
ggtattttgt 



cggtgagagg 
catcctaacc 
gtttgctaag 
tctgaacgta 
tagcatcgat 
ggagaagatt 
acgttttgtg 
tatgagggct 
aactgatgag 
taacaatcaa 
gaacatggag 
tccttatcct 
ttggcagact 
tcgacacgtg 
taaggaatac 
ttaagcttaa 



ccaagtgtgt 
cagggtccca 
aagcataaac 
ctaacttatt 
aattttcgaa 
gaagggatga 
ggtaacctga 
actgccaaca 
atcgtgcatg 
gaattggagg 
tcgtattctg 
gatgttctga 
actaattgca 
gtgtggtcag 
ttaaaataat 
gcatatcctt 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1000 



<210> 8 
<211> 290 
<212> PRT 

<213> Hevea brasiliensis 
<400> 8 

Met Glu Leu Tyr Asn Gly Glu Arg Pro Ser Val Phe Arg Leu Leu Glu 
1 5 10 IS 

Lys Tyr Met Arg Lys Gly Leu Tyr Ser lie Leu Thr Gin Gly Pro lie 
20 25 30 

Pro Thr His lie Ala Phe lie Leu Asp Gly Asn Arg Arg Phe Ala Lys 
35 40 45 



Lys His Lys Leu Pro Glu Gly Gly Gly His Lys Ala Gly Phe Leu Ala 
50 55 60 



Leu Leu Asn Val Leu Thr Tyr Cys Tyr Glu Leu Gly Val Lys Tyr Ala 
65 70 75 80 

Thr lie Tyr Ala Phe Ser lie Asp Asn Phe Arg Arg Lys Pro His Glu 
85 90 95 

Val Gin Tyr Val Met Asp Leu Met Leu Glu Lys lie Glu Gly Met lie 
100 105 110 

Met Glu Glu Ser lie lie Asn Ala Tyr Asp lie Cys Val Arg Phe Val 
115 120 125 

Gly Asn Leu Lys Leu Leu Ser Glu Pro Val Lys Thr Ala Ala Asp Lys 
130 , 135 140 

lie Met Arg Ala Thr Ala Asn Asn Ser Lys Cys Val Leu Leu lie Ala 
145 150 155 160 

Val Cys Tyr Thr Ser Thr Asp Glu lie Val His Ala Val Glu Glu Ser 
165 170 175 

Ser Glu Leu Asn Ser Asn Glu Val Cys Asn Asn Gin Glu Leu Glu Glu 
180 185 190 

Ala Asn Ala Thr Gly Ser Ser Thr Val lie Gin Thr Glu Asn Met Glu 
195 200 205 

Ser Tyr Ser Gly lie Lys Leu Val Asp Leu Glu Lys Asn Thr Tyr lie 
210 215 220 

Asn Pro Tyr Pro Asp Val Leu lie Arg Thr Ser Gly Glu Thr Arg Leu 
225 230 235 240 

Ser Asn Tyr Leu Leu Trp Gin Thr Thr Asn Cys lie Leu Tyr Ser Pro 
245 250 ' 255 

Tyr Ala Leu Trp Pro Glu lie Gly Leu Arg His Val Val Trp Ser Val 
260 265 270 

lie Asn Phe Gin Arg His Tyr Ser Tyr Leu Glu Lys His Lys Glu Tyr 
275 280 285 

Leu Lys 
290 

<210> 9 
<211> 1000 
<212> DNA 

<213> Hevea brasiliensis 
<400> 9 

ccgagtcacg tataggcttc gtgtgaaggt taagtcagtt tagcatcggg atttgggttt 60 

aaggaaaatg gaaatatata cgggtcagag gccaagtgtg tttagaattt ttgggaaata 12 0 

catgagaaaa gggttatata gcatcctaac ccaaggtccc atccctactc atcttgcctt 180 

cataatggat ggaaaccgga ggtttgctaa gaagcacaaa atgaaagaag cagaaggtta 24 0 

taaggcagga tatttagctc ttctgagaac actaacttat tgctatgagt tgggagtgag 300 

gtatgtaacc atttatgcct ttagcattga taattttcga aggcaacctc gtgaggttca 360 

gtgcgtaatg aatctaatga tggagaagat tgaagagatt atcgtggaag aaagtatcat 420 

gaatgcatat gatgttggcg tacgtattgt gggtaacctg aatcttttag atgagccaat 480 

caggatcgca gcagaaaaga ttatgagggc tactgccaat aattccgggt ttgtgcttct 540 

cattgctgta gcctatagtt caactgatga gatcgggcat gctgttgaag aatcctctaa 600 

agacaaattg aactccaatg aagtttgcaa caatgggatt gaagctgaac aggaatttaa 660 

ggaggcaaac ggaaccggaa acagtgtgat tccagttcag aagacggagt catattctgg 72 0 

aataaatctt gcagaccttg agaaaaacac ctacgtaaat cctcatcctg atgtcttgat 780 



6 



tcgaacttct gggttgagcc gtctaagtaa 

actgtattct ccttttgcac tgtggccaga 

aatgaacttc caacgtcatc attcttattt 

tatttttgtt cctaactcat cctgccttat 

<210> 10 
<211> 296 
<212> PRT 

<213> Hevea brasiliensis 



ctacctactt tggcagacta gtaattgcat 840 
gattggtctc aggcacttgg tatggacagt 900 
ggagaagcat aaggaatatt taaaataatt 960 
tcgggataga 10 0 0 



<400> 10 

Met Glu lie Tyr Thr Gly Gin Arg Pro Ser Val Phe Arg lie Phe Gly 
15 10 15 

Lys Tyr Met Arg Lys Gly Leu Tyr Ser lie Leu Thr Gin Gly Pro lie 
20 25 30 

Pro Thr His Leu Ala Phe lie Met Asp Gly Asn Arg Arg Phe Ala Lys 
35 40 45 

Lys His Lys Met Lys Glu Ala Glu Gly Tyr Lys Ala Gly Tyr Leu Ala 
50 55 60 

Leu Leu Arg Thr Leu Thr Tyr Cys Tyr Glu Leu Gly Val Arg Tyr Val 
65 70 75 80 

Thr lie Tyr Ala Phe Ser lie Asp Asn Phe Arg Arg Gin Pro Arg Glu 
85 90 95 

Val Gin Cys Val Met Asn Leu Met Met Glu Lys He Glu Glu He He 
100 105 110 

Val Glu Glu Ser lie Met Asn Ala Tyr Asp Val Gly Val Arg He Val 
115 120 125 

Gly Asn Leu Asn Leu Leu Asp Glu Pro He Arg He Ala Ala Glu Lys 
130 135 140 

He Met Arg Ala Thr Ala Asn Asn Ser Gly Phe Val Leu Leu He Ala 
145 150 155 160 

Val Ala Tyr Ser Ser Thr Asp Glu He Gly His Ala Val Glu Glu Ser 
165 170 175 

Ser Lys Asp Lys Leu Asn Ser Asn Glu Val Cys Asn Asn Gly He Glu 
180 185 " 190 

Ala Glu Gin Glu Phe Lys Glu Ala Asn Gly Thr Gly Asn Ser Val He 
195 200 205 

Pro Val Gin Lys Thr Glu Ser Tyr Ser Gly He Asn Leu Ala Asp Leu 
210 215 220 

Glu Lys Asn Thr Tyr Val Asn Pro His Pro Asp Val Leu He Arg Thr 
225 230 235 240 

Ser Gly Leu Ser Arg Leu Ser Asn Tyr Leu Leu Trp Gin Thr Ser Asn 
245 250 255 

Cys He Leu Tyr Ser Pro Phe Ala Leu Trp Pro Glu He Gly Leu Arg 
260 265 270 

His Leu Val Trp Thr Val Met Asn Phe Gin Arg His His Ser Tyr Leu 
275 280 285 



7 



Glu Lys His Lys Glu Tyr Leu Lys 
290 295 



<210> 11 
<211> 1232 
<212> DNA 
<213> Vitis sp 



<400> 11 

gagaaacatt atcctaaccc tagtcctgaa actcctgata atgctctctt ttcgatttcc 60 
aatttcagct gataacgctc gccatacttt caagtccaaa cactcttctt gtacttttcg 120 
aagtaacaga atcgattcat tttcttttcc tccaatctca gttcccagat ttcacaaact 180 
tcgcacagct aaaactgatg tagttgggga agaagaagca agagaagtaa acgagagagc 24 0 
ggaggaattt ccggacggtc ttcggagaga actgatgccg gaacacgtgg ccgtcattat 3 00 
ggacgggaac gtgaggtggg cacagaagag ggggttgccg gcggcgtcgg gtcaccaagc 360 
aggtgtgagg tcgttgagag agctggtgga gctctgttgc aaatggggga tcaaagttct 42 0 
ctcggttttc gcattttcct atgataattg gtctcgttcc gaaggggagg ttggttttct 480 
tatgagcttg atcgaaagag tggtcaaagc tgagctgcca attttgggag ggaaggcatt 54 0 
cgagtgtcgt gattggggat ttgtcaaagc ttctgagcaa ctgcaactga taattgatgt 600 
agaggagacc actaaggaga actcgcgatt acagttcatt gtggcactta gctatagtgg 660 
gcagtgtgac atactacaag catgcaaaaa cattggtcac aaagtaaagg atggccttat 720 
cgaaccggaa gacatcaaca aaagcctaat tgaacaggag ctacagacaa actgtactga 780 
atttcccttc cctgatctac ttatacgaac tagtggcgaa cttagagtca gcaatttcat 840 
gttgtggcaa atagcctaca ctgaactttg cttttttagc acactgtggc ctgattttgg 900 
gaaggatgag tttgtggagg ccttaagttc ttttcagaaa aggcagagac gatatggtgg 960 
gcgaaactga gtttactaat tacatataga tccccaactt ctgctccatt catatggaga 102 0 
acttgtatac cattatatga agttaaattc ctgagaattc acttattaca cacagatccc 1080 
caacctatac tccattcata tggaaaactt gtaccattat atgaaactca ttcttcagaa 114 0 
gggaactgat cataccctgc ttccaagttt taagcatgaa gtgccttgcc atttatatac 1200 
atacttttac ttcaaaaaaa aaaaaaaaaa aa 1232 



<210> 12 
<211> 309 
<212> PRT 
<213> Vitis sp 

<400> 12 

Met Leu Ser Phe Arg Phe Pro lie Ser Ala Asp Asn Ala Arg His Thr 
1 5 10 15 

Phe Lys Ser Lys His Ser Ser Cys Thr Phe Arg Ser Asn Arg lie Asp 
20 25 30 

Ser Phe Ser Phe Pro Pro lie Ser Val Pro Arg Phe His Lys Leu Arg 
35 40 45 

Thr Ala Lys Thr Asp Val Val Gly Glu Glu Glu Ala Arg Glu Val Asn 
50 55 60 

Glu Arg Ala Glu Glu Phe Pro Asp Gly Leu Arg Arg Glu Leu Met Pro 
65 70 75 80 

Glu His Val Ala Val lie Met Asp Gly Asn Val Arg Trp Ala Gin Lys 
85 90 95 

Arg Gly Leu Pro Ala Ala Ser Gly His Gin Ala Gly Val Arg Ser Leu 
100 105 110 

Arg Glu Leu Val Glu Leu Cys Cys Lys Trp Gly lie Lys Val Leu Ser 
115 120 125 



8 



Val Phe 
130 

Gly Phe 
145 

lie Leu 



Ala Ser 

Glu Asn 

Cys Asp 
210 

Gly Leu 
225 

Leu Gin 
Thr Ser 
Tyr Thr 



Asp Glu 
290 

Tyr Gly 
305 



Ala Phe Ser 

Leu Met Ser 

Gly Gly Lys 
165 

Glu Gin Leu 
180 

Ser Arg Leu 
195 

lie Leu Gin 
lie Glu Pro 



Thr Asn Cys 
245 

Gly Glu Leu 
260 

Glu Leu Cys 
275 

Phe Val Glu 



Gly Arg Asn 



Tyr Asp 
135 

Leu lie 
150 

Ala Phe 
Gin Leu 
Gin Phe 



Asn Trp Ser Arg 
Glu Arg 
Glu Cys 



Ser 
140 



Val Val 
155 



Ala Cys 
215 

Glu Asp 
230 

Thr Glu 
Arg Val 
Phe Phe 



Ala Leu 
295 



He He 
185 

He Val 
200 

Lys Asn 
He Asn 
Phe Pro 



Ser Asn 
265 

Ser Thr 
280 

Ser Ser 



Lys 
Trp 
Asp Val Glu 



Arg Asp 
170 



Ala Leu Ser 



He Gly 



Lys Ser 
235 

Phe Pro 
250 



His 
220 

Leu 



Asp 



Phe Met Leu 



Leu Trp 
Phe Gin 



Pro 



Lys 
300 



Glu Gly Glu Val 



Ala Glu Leu Pro 
160 

Gly Phe Val Lys 
175 

Glu Thr Thr Lys 
190 

Tyr Ser Gly Gin 
205 

Lys Val Lys Asp 



He Glu Gin Glu 
240 

Leu Leu He Arg 
255 

Trp Gin He Ala 
270 

Asp Phe Gly Lys 
285 

Arg Gin Arg Arg 



<210> 13 

<211> 1021 

<212> DNA 

<213> Oryza sativa 



<400> 13 

acgcacgagc 

catattgcat 

ggctctggtc 

atgggcgtga 

actgaggtga 

agaaatgtca 

agcaaatcag 

ctggtcttct 

aaggtctgtg 

aatggtgtgt 

tgccccgatc 

ctgtggcaga 

ttcaagcacc 

agcagaaatc 

atcatacaag 

tatgaaatat 

ggtccaaatg 



ttacacgcaa 
ttattatgga 
acagggtggg 
agtatatcac 
aatccttgat 
tcaacaaggt 
tgagggtagc 
ctgtttgcat 
cagaaaggag 
attcagacat 
ctgacattgt 
cgacgttcag 
ttgtctgggc 
tggctaagaa 
atatctgtag 
ataaaggata 
tgtgaaatgt 



atgcattgta 
tggtaaccgt 
cttctctgct 
ggtgtatgca 
ggagttaatg 
taactgtaag 
agctgagaaa 
gccatacaac 
ggatatactg 
ttcagtggca 
gatccggacc 
tcatttgcag 
catactccag 
gcagctgtaa 
ttacacaata 
gctatgccat 
aataacattt 



gctgtcctct 
agatatgcta 
ctcattgcca 
tttagcatcg 
gaggaaaaga 
atcaacttct 
ctgatggcta 
tccacttctg 
cagagggagg 
gatctggacc 
tcaggtgaga 
aatccagacc 
taccaaagag 
tcacatcctc 
atctgtattc 
tgtatgcttg 
ggtctaaaaa 



cgtatggccc 
aattcaggag 
gcctgctcta 
ataattttaa 
tcaatgaact 
gggggaactt 
ccactgctga 
agattgtcaa 
atgctgacag 
gccatatgta 
ctcgcctgag 
ctctttggcc 
ttcacccttc 
cctgggagga 
tcctgtggta 
aacatgtgta 
aaaaaaaaaa 



aatgcctaag 
tatccaggaa 
ctgctatgaa 
gcgagatccg 
gctagaaaac 
ggacatgttg 
aaacacggga 
tgcggtcaat 
tgttgcgaat 
cagcgctggt 
caatttcctt 
ggagttctct 
tattgagcaa 
gatagaaacc 
tctcctggaa 
tgcttgagtt 
aaaaaaaaaa 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1021 
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<210> 14 
<211> 252 
<212> PRT 

<213> Oryza sativa 
<400> 14 

Met Pro Lys His lie Ala Phe lie Met Asp Gly Asn Arg Arg Tyr Ala 
15 10 15 

Lys Phe Arg Ser lie Gin Glu Gly Ser Gly His Arg Val Gly Phe Ser 
20 25 30 

Ala Leu lie Ala Ser Leu Leu Tyr Cys Tyr Glu Met Gly Val Lys Tyr 
35 40 45 

lie Thr Val Tyr Ala Phe Ser lie Asp Asn Phe Lys Arg Asp Pro Thr 
50 55 60 

Glu Val Lys Ser Leu Met Glu Leu Met Glu Glu Lys lie Asn Glu Leu 
65 70 75 80 

Leu Glu Asn Arg Asn Val lie Asn Lys Val Asn Cys Lys lie Asn Phe 
85 90 95 

Trp Gly Asn Leu Asp Met Leu Ser Lys Ser Val Arg Val Ala Ala Glu 
100 105 110 

Lys Leu Met Ala Thr Thr Ala Glu Asn Thr Gly Leu Val Phe Ser Val 
115 120 125 

Cys Met Pro Tyr Asn Ser Thr Ser Glu lie Val Asn Ala Val Asn Lys 
130 135 140 

Val Cys Ala Glu Arg Arg Asp lie Leu Gin Arg Glu Asp Ala Asp Ser 
145 150 155 160 

Val Ala Asn Asn Gly Val Tyr Ser Asp lie Ser Val Ala Asp Leu Asp 
165 170 175 

Arg His Met Tyr Ser Ala Gly Cys Pro Asp Pro Asp lie Val lie Arg 
180 185 190 

Thr Ser Gly Giu Thr Arg Leu Ser Asn Phe Leu Leu Trp Gin Thr Thr 
195 200 205 

Phe Ser His Leu Gin Asn Pro Asp Pro Leu Trp Pro Glu Phe Ser Phe 
210 215 220 

Lys His Leu Val Trp Ala lie Leu Gin Tyr Gin Arg Val His Pro Ser 
225 230 235 240 

lie Glu Gin Ser Arg Asn Leu Ala Lys Lys Gin Leu 
245 "* 250 



<210> 15 
<211> 900 
<212> DNA 

<213> Oryza sativa 
<400> 15 

atgcttggct cacttatgtc ttacttacct tcagtggatt caaagacgga gaacactgat 60 
gagttaattg cgactggtgt tcttgctagt ctgcagaatt tcatccgcaa atgcattgta 120 
gctgtcctct cgtatggccc aatgcctaag catattgcat ttattatgga tggtaaccgt 180 
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agatatgcta aattcaggag tatccaggaa ggctctggtc acagggtggg cttctctgct 24 0 
ctcattgcca gcctgctcta ctgctatgaa atgggcgtga agtatatcac ggtgtatgca 3 00 
tttagcatcg ataattttaa gcgagatccg actgaggtga aatccttgat ggagttaatg 360 
gaggaaaaga tcaatgaact gctagaaaac agaaatgtca tcaacaaggt taactgtaag 42 0 
atcaacttct gggggaactt ggacatgttg agcaaatcag tgagggtagc agctgagaaa 4 80 
ctgatggcta ccactgctga aaacacggga ctggtcttct ctgtttgcat gccatacaac 54 0 
tccacttctg agattgtcaa tgcggtcaat aaggtctgtg cagaaaggag ggatatactg 600 
cagagggagg atgctgacag tgttgcgaat aatggtgtgt attcagacat ttcagtggca 660 
gatctggacc gccatatgta cagcgctggt tgccccgatc ctgacattgt gatccggacc 72 0 
tcaggtgaga ctcgcctgag caatttcctt ctgtggcaga cgacgttcag tcatttgcag 780 
aatccagacc ctctttggcc ggagttctct ttcaagcacc ttgtctgggc catactccag 840 
taccaaagag ttcacccttc tattgagcaa agcagaaatc tggctaagaa gcagctgtaa 900 

<210> 16 
<211> 299 
<212> PRT 

<213> Oryza sativa 
<400> 16 

Met Leu Gly Ser Leu Met Ser Tyr Leu Pro Ser Val Asp Ser Lys Thr 
1 5 10 15 

Glu Asn Thr Asp Glu Leu lie Ala Thr Gly Val Leu Ala Ser Leu Gin 
20 25 30 

Asn Phe lie Arg Lys Cys lie Val Ala Val Leu Ser Tyr Gly Pro Met 
35 40 45 

Pro Lys His lie Ala Phe lie Met Asp Gly Asn Arg Arg Tyr Ala Lys 
50 55 60 

Phe Arg Ser lie Gin Glu Gly Ser Gly His Arg Val Gly Phe Ser Ala 
65 70 75 80 

Leu lie Ala Ser Leu Leu Tyr Cys Tyr Glu Met Gly Val Lys Tyr lie 
85 90 95 

Thr Val Tyr Ala Phe Ser lie Asp Asn Phe Lys Arg Asp Pro Thr Glu 
100 105 110 

Val Lys Ser Leu Met Glu Leu Met Glu Glu Lys lie Asn Glu Leu Leu 
115 120 ' 125 

Glu Asn Arg Asn Val lie Asn Lys Val Asn Cys Lys lie Asn Phe Trp 
130 135 140 

Gly Asn Leu Asp Met Leu Ser Lys Ser Val Arg Val Ala Ala Glu Lys 
145 150 155 160 

Leu Met Ala Thr Thr Ala Glu Asn Thr Gly Leu Val Phe Ser Val Cys 
165 170 175 

Met Pro Tyr Asn Ser Thr Ser Glu lie Val Asn Ala Val Asn Lys Val 
180 185 190 

Cys Ala Glu Arg Arg Asp lie Leu Gin Arg Glu Asp Ala Asp Ser Val 
195 200 205 

Ala Asn Asn Gly Val Tyr Ser Asp lie Ser Val Ala Asp Leu Asp Arg 
210 215 220 

His Met Tyr Ser Ala Gly Cys Pro Asp Pro Asp lie Val lie Arg Thr 
225 * 230 235 240 
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Ser Gly Glu Thr Arg Leu Ser Asn Phe Leu Leu Trp Gin Thr Thr Phe 
245 250 255 

Ser His Leu Gin Asn Pro Asp Pro Leu Trp Pro Glu Phe Ser Phe Lys 
260 265 270 

His Leu Val Trp Ala lie Leu Gin Tyr Gin Arg Val His Pro Ser lie 
275 280 285 

Glu Gin Ser Arg Asn Leu Ala Lys Lys Gin Leu 
2 90 2 95 



<210> 17 

<211> 1028 

<212> DNA 

<213> Glycine max 

<400> 17 

ttcccactca gtggtgaatt tgccaaaccg ggataaccgt atccctattc aggaatacaa 60 

tgttctcgtt aagactccct attcctctcg ttaaaacacc accttctccc tcttgttatt 120 

attctcacta ttatcactat cgttatcgtt atcgttgtta tcatcctttc catcaccgtt 180 

cccaaacaca gagtcttatc gtctcgaagc gcggttccgc cattgcgaag tgtcacgctg 24 0 

atagcgtgac acttcgtgat gacggagtct cgctcgccca agagtcgttg gagccacttc 300 

cggcggaact cgcggcggag atgatgccga agcatgtggc ggtgataatg gacgggaacg 3 60 

ggaggtgggc gaaggtgaag gggctgccac catcggcggg gcaccaggcg ggggtgcaat 420 

cgctgaggaa aatggtgagg ctgtgttgca gctggggaat taaggttcta acggttttcg 4 80 

cgttctctac ggataactgg gttcgcccca aggtggaggt tgatttcttg atgaggctgt 540 

ttgagagaac aataaactct gaagttcaaa cttttaagag ggaaggaatt agaatatctg 600 

tgattggaga ttcatcaagg ttgcctgagt ctttaaaaag aatgatagct agtgcagaag 660 

aggatacaaa acaaaattcg agattccaac ttattgtggc agtgggatac agtggaaaat 72 0 

atgatgttgt gcaagcatgt aaaagtgtag ccaagaaagt caaagatggt cacattcact 780 

tggatgacat aaacgaaaac attattgaac aagaattgga aactaattgt actgagtttc 84 0 

cttatcctga tctactaata cgaactagtg gcgagcttag agtgagtaac ttcttgttgt 900 

ggcaattagc ctacacagaa ctttatttta atcgggaact ctggccagat tttgggaagg 960 

atgagtttgt agatgcatta agttcatttc aacaaagaca aagacgctat ggtggtcgac 1020 

attcataa 1028 



<210> 18 

<211> 322 

<212> PRT 

<213> Glycine max 

<400> 18 

Met Phe Ser Leu Arg Leu Pro lie Pro Leu Val Lys Thr Pro Pro Ser 
1 5 10 15 

Pro Ser Cys Tyr Tyr Ser His Tyr Tyr His Tyr Arg Tyr Arg Tyr Arg 
20 25 30 

Cys Tyr His Pro Phe His His Arg Ser Gin Thr Gin Ser Leu lie Val 
35 40 45 

Ser Lys Arg Gly Ser Ala lie Ala Lys Cys His Ala Asp Ser Val Thr 
50 55 60 

Leu Arg Asp Asp Gly Val Ser Leu Ala Gin Glu Ser Leu Glu Pro Leu 
65 70 75 80 

Pro Ala Glu Leu Ala Ala Glu Met Met Pro Lys His Val Ala Val lie 
85 90 95 
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Met Asp Gly Asn Gly Arg Trp Ala Lys Val Lys Gly Leu Pro Pro Ser 
100 105 110 



Ala Gly His Gin Ala Gly Val Gin Ser Leu Arg Lys Met Val Arg Leu 
115 120 125 

Cys Cys Ser Trp Gly lie Lys Val Leu Thr Val Phe Ala Phe Ser Thr 
130 135 140 

Asp Asn Trp Val Arg Pro Lys Val Glu Val Asp Phe Leu Met Arg Leu 
145 150 155 160 

Phe Glu Arg Thr lie Asn Ser Glu Val Gin Thr Phe Lys Arg Glu Gly 
165 170 175 

lie Arg lie Ser Val lie Gly Asp Ser Ser Arg Leu Pro Glu Ser Leu 
180 ~ 185 ~ 190 

Lys Arg Met lie Ala Ser Ala Glu Glu Asp Thr Lys Gin Asn Ser Arg 
195 200 205 

Phe Gin Leu lie Val Ala Val Gly Tyr Ser Gly Lys Tyr Asp Val Val 
210 215 220 

Gin Ala Cys Lys Ser Val Ala Lys Lys Val Lys Asp Gly His lie His 
225 230 235 240 

Leu Asp Asp lie Asn Glu Asn lie lie Glu Gin Glu Leu Glu Thr Asn 
245 250 255 

Cys Thr Glu Phe Pro Tyr Pro Asp Leu Leu lie Arg Thr Ser Gly Glu 
260 265 270 

Leu Arg Val Ser Asn Phe Leu Leu Trp Gin Leu Ala Tyr Thr Glu Leu 
275 280 285 

Tyr Phe Asn Arg Glu Leu Trp Pro Asp Phe Gly Lys Asp Glu Phe Val 
290 295 300 

Asp Ala Leu Ser Ser Phe Gin Gin Arg Gin Arg Arg Tyr Gly Gly Arg 
305 310 ~ 315 " 320 

His Ser 

<210> 19 
<211> 1026 
<212> DNA 

<213> Triticum aestivum 
<400> 19 

atgccgctct ccaactctac gtcgtctgtg ccggccgtca ccgtcccggc ggccgaggag 60 

ctcctctcac aagggctccg ggcggagtcg ctgccgcggc acgtggcgct ggtgatggac 12 0 

gggaactcgc ggtgggcggc agcgcggggc ctgccgccga cggacgggca cgagcacggg 180 

atgcgcgcgc tgatgaggac ggtgcggctc tcccgcgcct ggggcatccg cgtcctcacc 240 

gccttcggtt tctcgctcga gaactggaat cgccccaagg cggaggttga cttcttgatg 3 00 

gccttgatcg agaggtttat caacgacaac ctcgccgagt tcttgaggga agggacccgt 360 

ctacgtataa tcggtgaccg ctcaaggctg ccgatctctg tgcagaagac tgcacgagac 420 

gccgaggagg caacaagaaa caactcgcag ctcgatctag tcctagccat cagctacagc 480 

gggcgaatgg acattgtgca ggcatgccgg aatctcgccc agaaagtgga cgccaagctg 54 0 

ctcaggccgg aggacatcga cgagtcgctg ttcgccgacg agctccagac gagcgaaaca 600 

tcttgcccgg acctgctcat caggaccagc ggcgagctga ggctgagcaa cttcctgcta 660 

tggcagtcgg cttactcgga gctcttcttc accgacacgc tctggcctga tttcggggag 720 

gcccaatatc tccaagccat gatggccttc cagagcagag acaggcgctt tggaagaaga 780 

aaaaacaatg cagcgctata aataaacggt gcacgcgcgt gacccgatgc tcgatcatcc 840 
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tctatctatc tgtatctgcc tttataatca 

ctcaagatgc gtggtgtact ataggagagg 

ctatgctata tgctcattgt atttgatata 
aaaaaa 



gtttttatta ccttcaaata aagtgtttct 900 
ctactaaaac ttctctccag tgattttact 960 
gtttagcatt catgccgaaa aaaaaaaaaa 102 0 

1026 



<210> 20 

<211> 266 

<212> PRT 

<213> Triticum 



aestivum 



<400> 20 

Met Pro Leu Ser Asn Ser Thr Ser Ser Val Pro Ala Val Thr Val Pro 
15 10 15 

Ala Ala Glu Glu Leu Leu Ser Gin Gly Leu Arg Ala Glu Ser Leu Pro 
20 25 30 

Arg His Val Ala Leu Val Met Asp Gly Asn Ser Arg Trp Ala Ala Ala 
35 40 45 

Arg Gly Leu Pro Pro Thr Asp Gly His Glu His Gly Met Arg Ala Leu 
50 55 60 

Met Arg Thr Val Arg Leu Ser Arg Ala Trp Gly lie Arg Val Leu Thr 
65 70 75 80 

Ala Phe Gly Phe Ser Leu Glu Asn Trp Asn Arg Pro Lys Ala Glu Val 
85 90 95 

Asp Phe Leu Met Ala Leu lie Glu Arg Phe lie Asn Asp Asn Leu Ala 
100 105 110 

Glu Phe Leu Arg Glu Gly Thr Arg Leu Arg lie lie Gly Asp Arg Ser 
115 120 125 

Arg Leu Pro lie Ser Val Gin Lys Thr Ala Arg Asp Ala Glu Glu Ala 
130 135 140 

Thr Arg Asn Asn Ser Gin Leu Asp Leu Val Leu Ala lie Ser Tyr Ser 
145 ^ 150 ~ 155 160 

Gly Arg Met Asp lie Val Gin Ala Cys Arg Asn Leu Ala Gin Lys Val 
165 170 175 

Asp Ala Lys Leu Leu Arg Pro Glu Asp lie Asp Glu Ser Leu Phe Ala 
180 185 190 

Asp Glu Leu Gin Thr Ser Glu Thr Ser Cys Pro Asp Leu Leu lie Arg 
195 200 205 

Thr Ser Gly Glu Leu Arg Leu Ser Asn Phe Leu Leu Trp Gin Ser Ala 
210 215 220 

Tyr Ser Glu Leu Phe Phe Thr Asp Thr Leu Trp Pro Asp Phe Gly Glu 
225 230 235 * 240 

Ala Gin Tyr Leu Gin Ala Met Met Ala Phe Gin Ser Arg Asp Arg Arg 
245 250 255 

Phe Gly Arg Arg Lys Asn Asn Ala Ala Leu 
260 265 



<210> 21 
<211> 11 
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<212> PRT 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Domain I of 
published alignment 

<220> 

<221> UNSURE 

<222> (2) . . (3) 

<22 3> X = any amino acid 

<220> 

<221> UNSURE 
<222> (8) 

<223> X = any amino acid 
<220> 

<221> UNSURE 
<222> (10) 

<2 23> X = any amino acid 
<300> 

<301> Apfel, C. M . 

<3 02> Use of Genomincs to Indent if y Bacterial Undecaprenyl 
Pyrophosphate Synthetase: Clooning, Expression, and 
Characterization of the Essential uppS Gene 

<303> J. Bacterid . 

<304> 81 

<306> 483-492 

<307> 1999 

<400> 21 

His Xaa Xaa Met Asp Gly Asn Xaa Arg Xaa Ala 
15 10 

<210> 22 
<211> 24 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Domain V of published 
alignment 

<220> 

<221> UNSURE 
<222> (3) 

<223> X = any amino acid 
<220> 

<221> UNSURE 
<222> (7) 

<223> X = any amino acid 
<220> 

<221> UNSURE 
<222> (10) 

<223> X = any amino acid 
<220> 

<221> UNSURE 
<222> (12) 

<22 3> X - any amino acid 
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<220> 

<221> UNSURE 

<222> (20) . . (21) 

<223> X = any amino acid 

<400> 22 

Asp Leu Xaa lie Arg Thr Xaa Gly Glu Xaa Arg Xaa Ser Asn Phe Leu 
15 10 15 

Leu Trp Gin Xaa Xaa Tyr Xaa Glu 
20 

<210> 23 
<211> 750 
<212> DNA 

<213> Micrococcus luteus 
<300> 

<301> Shimizu, N. 

<3 02> Molecular Cloning, Expression, and Purification of Undecprenyl 
Diphosphate Synthase: No Sequence Similarity between E- and 
Z -prenyl Diphosphate Synthases 

<303> J. Biol. Chem. 

<304> 273 

<306> 19476-19481 

<307> 1998 



<400> 23 

atgtttccaa 

ccgaaacata 

ccgcgcataa 

agtgatttag 

cctaaagatg 

ccggaactca 

gaccatacaa 

acgctcgtgt 

atcgcagagc 

aatgaatatt 

gaagaacgtt 

gatgaattct 

aatcgtcatc 



ttaagaagcg 
ttgcaatcat 
aaggacatta 
gtgtaaagta 
aggttaatta 
ttgaaaaaaa 
aaaaagcagt 
ttgcactgaa 
gttacaaatc 
tatttacagc 
taagtaactt 
ggccggattt 
gacgttttgg 



aaaagcaata 
tatggacgga 
tgaaggcatg 
cttaacgctg 
cttgatgaaa 
tgttaaagtt 
gttagaagcg 
ttatggtggg 
tggtgaaatt 
aaatatgcct 
tttaatttgg 
taatgaagaa 
tggattataa 



aaaaataata 
aatggccgat 
cagaccgtaa 
tacgcatttt 
ctaccgggtg 
gaaacgattg 
aaagagaaaa 
cgtaaagaaa 
tctttagatg 
gatcctgagt 
caatgttcat 
agtttagcac 



acattaatgc 
gggcaaaaca 
agaaaatcac 
caactgaaaa 
attttttaaa 
gctttattga 
cgaaacataa 
ttatttcagc 
aaattagtga 
tgttaatcag 
atagtgagtt 
aatgtatatc 



ggcacaaatt 6 0 
gaaaaaaatg 12 0 
aagatatgct 180 
ttggtctcgt 240 
cacattttta 300 
tgatttaccg 360 
tacaggttta 420 
agtgcagtta 4 80 
aactcatttt 540 
aacttccggt 600 
tgtatttata 660 
aatatatcag 72 0 
750 



<210> 24 
<211> 249 
<212> PRT 

<213> Micrococcus luteus 
<400> 24 

Met Phe Pro lie Lys Lys Arg Lys Ala lie Lys Asn Asn Asn lie Asn 
1 5 ~ 10 15 

Ala Ala Gin lie Pro Lys His lie Ala lie lie Met Asp Gly Asn Gly 
20 25 30 

Arg Trp Ala Lys Gin Lys Lys Met Pro Arg lie Lys Gly His Tyr Glu 
35 40 45 

Gly Met Gin Thr Val Lys Lys lie Thr Arg Tyr Ala Ser Asp Leu Gly 
50 55 60 



Val Lys Tyr Leu Thr Leu Tyr Ala Phe Ser Thr Glu Asn Trp Ser Arg 
65 70 75 80 
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Pro Lys Asp Glu 



Val Asn 
85 



Tyr Leu Met 



Lys Leu Pro 
90 



Gly Asp Phe Leu 
95 



Asn Thr Phe Leu Pro Glu 
100 

lie Gly Phe lie Asp Asp 
115 

Glu Ala Lys Glu Lys Thr 
130 



Leu lie Glu 
105 

Leu Pro Asp 
120 

Lys His Asn 
135 



Lys Asn Val 
His Thr Lys 



Thr Gly Leu 
140 



Lys Val Glu Thr 
110 

Lys Ala Val Leu 
125 

Thr Leu Val Phe 



Ala Leu Asn Tyr 
145 

lie Ala Glu Arg 



Gly Gly 
150 

Tyr Lys 
165 



Arg Lys Glu 
Ser Gly Glu 



lie lie Ser 
155 

lie Ser Leu 
170 



Ala Val Gin Leu 
160 

Asp Glu lie Ser 
175 



Glu Thr His Phe Asn Glu 
180 



Tyr Leu Phe 
185 



Thr Ala Asn 



Met Pro Asp Pro 
190 



Glu Leu Leu lie Arg Thr 
195 

lie Trp Gin Cys Ser Tyr 
210 



Ser Gly Glu 
200 

Ser Glu Phe 
215 



Glu Arg Leu 



Val Phe lie 
220 



Ser Asn Phe Leu 
205 

Asp Glu Phe Trp 



Pro Asp Phe Asn Glu Glu 
225 230 



Ser Leu Ala 



Gin Cys lie 
235 



Ser lie Tyr Gin 
240 



Asn Arg His Arg 



Arg Phe 
245 



Gly Gly Leu 



<210> 25 
<211> 861 
<212> DNA 

<213> Saccharomyces cerevisiae 
<300> 

<308> AB013497 



<400> 25 

atggaaacgg 

ttttcgcgca 

gggaacagga 

tttgttagta 

gtgtttgcct 

actttagcgc 

ggggtacgca 

gttcgggttg 

ccatatacag 

aagggcgccg 

cctttagatt 

caggcatcga 

cctatacgga 

gagtacagat 

aaagaaaaaa 



atagtggtat 
cattgcgtgc 
gattcgctag 
tgagtagaat 
tttcaattga 
gcgaaaggat 
ttaaaattat 
ctgtggaaac 
gcagggaaga 
ctatagacga 
tattgattag 
gtaagggcgt 
tggcatggat 
tagaggaagg 
agttgaatta 



acctggtcat 
atctaactgt 
aaagaaagag 
cttagaactg 
aaatttcaag 
acgacaaatc 
cggcgatctc 
tacaaagaac 
aatcttgcat 
aagcacgtta 
gacaagtggc 
acgcatcgaa 
tttattaaaa 
tgattatgac 



tcatttgtgt 
gtacctagac 
atggacgtaa 
tgttatgaag 
aggagctcac 
acagaacgtg 
tctttgttgg 
aacaaaaggg 
gccatgaaag 
gaatcgcatc 
gtttccagat 
ttgctggatt 
ttttcgtttc 
gaggaaacca 



taaagtggac 
atgttgggtt 
aggagggcca 
caggagtcga 
gggaagttga 
gagagctggc 
ataagtctct 
ccacgttaaa 
aaacaattgt 
tctacacggc 
taagtgactt 
gtttatggcc 
acaaatcctt 
atggggaccc 



<210> 26 

<211> 286 

<212> PRT 

<213> Saccharomyces cerevisiae 



aaaaaacatc 
catcatggat 
cgaggcagga 
tacggctacc 
atcactgatg 
ctgtaagtat 
attagaagat 
tatctgcttt 
tcaacataag 

gggggtaccc 

tttgatatgg 
agagtttgga 
tttaaacaaa 
catcgatttg 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
861 
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<400> 26 

Met Glu Thr Asp Ser Gly lie Pro Gly His Ser Phe Val Leu Lys Trp 
15 10 15 

Thr Lys Asn lie Phe Ser Arg Thr Leu Arg Ala Ser Asn Cys Val Pro 
20 25 30 

Arg His Val Gly Phe lie Met Asp Gly Asn Arg Arg Phe Ala Arg Lys 
35 40 45 

Lys Glu Met Asp Val Lys Glu Gly His Glu Ala Gly Phe Val Ser Met 
50 55 60 

Ser Arg lie Leu Glu Leu Cys Tyr Glu Ala Gly Val Asp Thr Ala Thr 
65 70 75 80 

Val Phe Ala Phe Ser lie Glu Asn Phe Lys Arg Ser Ser Arg Glu Val 
85 90 95 

Glu Ser Leu Met Thr Leu Ala Arg Glu Arg lie Arg Gin lie Thr Glu 
100 105 110 

Arg Gly Glu Leu Ala Cys Lys Tyr Gly Val Arg lie Lys lie lie Gly 
115 120 125 

Asp Leu Ser Leu Leu Asp Lys Ser Leu Leu Glu Asp Val Arg Val Ala 
130 135 14 0 

Val Glu Thr Thr Lys Asn Asn Lys Arg Ala Thr Leu Asn lie Cys Phe 
145 150 155 160 

Pro Tyr Thr Gly Arg Glu Glu lie Leu His Ala Met Lys Glu Thr lie 
165 170 175 

Val Gin His Lys Lys Gly Ala Ala lie Asp Glu Ser Thr Leu Glu Ser 
180 185 190 

His Leu Tyr Thr Ala Gly Val Pro Pro Leu Asp Leu Leu lie Arg Thr 
195 200 205 

Ser Gly Val Ser Arg Leu Ser Asp Phe Leu lie Trp Gin Ala Ser Ser 
210 215 22 0 

Lys Gly Val Arg lie Glu Leu Leu Asp Cys Leu Trp Pro Glu Phe Gly 
225 230 235 240 

Pro lie Arg Met Ala Trp lie Leu Leu Lys Phe Ser Phe His Lys Ser 
245 250 255 

Phe Leu Asn Lys Glu Tyr Arg Leu Glu Glu Gly Asp Tyr Asp Glu Glu 
260 265 270 

Thr Asn Gly Asp Pro lie Asp Leu Lys Glu Lys Lys Leu Asn 
275 280 285 

<210> 27 
<211> 1032 
<212> DNA 

<213> Saccharomyces cerevisiae 
<300> 

<308> AB013498 
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<400> 27 

atgaaaatgc 

accaaagaac 

atgtcattaa 

ttaagggtag 

gccaagtcaa 

acactactgt 

attgaaaatt 

aagcttgatg 

ataagaatag 

gtggaagaaa 

tcaagaaatg 

tcaccaagga 

aaatgtgaat 

caagtacatg 

tttgctatgt 

gagaagaatc 

aagaaaacag 

ggagatgaat 



ccagtattat 
agatgtgctt 
gcttgttttc 
ggccagtgcc 
gaaggctacc 
atatctgcaa 
ttaatagacc 
aattcgcaaa 
taggtgatca 
tcacacagga 
atatgttaca 
ttaatataag 
tattaatcag 
aaaatgccac 
acctgatgat 
actcattgtt 
ctatgtcttt 
aa 



tcagattcag 
cgcagtgaaa 
atggttttat 
tgaacatgtc 
agtaaaaaaa 
aagattgggt 
aaaagaagaa 
aagagccaag 
atctttacta 
tggagacgat 
tactattcgt 
aaaatttact 
aacaagtggg 
cattgaattt 
tctcaaatgg 
tgaaaaaata 
gtacaacttt 



tttgtagccc 
agtatatttc 
gtaaatcttc 
tcctttatca 
ggccatgaag 
gtaaaatgtg 
gtagatacgc 
gactataagg 
tctccagaaa 
ttcactttat 
gattcagttg 
aataaaatgt 
cataggaggc 
agtgatacgt 
tccttctttt 
catgaaagcg 
ccaaaccccc 



<210> 28 
<211> 343 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 28 

Met Lys Met Pro Ser lie lie Gin lie Gin Phe 
1 5 10 



taaaaaggct 
agagagtatt 
agaatatttt 
tggatggtaa 
ctggtgggtt 
tttccgccta 
taatgaattt 
atcccttata 
tgagaaaaaa 
ttatatgttt 
aagaccattt 
acatgggttt 
tctcagacta 
tgtggccaaa 
ccaccattca 
ttccttcaat 
ccatttcagt 



tttggtagaa 
tgcgtgggtt 
gataaaagca 
ccggagatat 
aacgttacta 
tgcattttct 
gtttacggta 
cggatctaaa 
aattaaaaaa 
tccttacact 
ggaaaataaa 
ccattccaat 
tatgctatgg 
ttttagcttc 
aaaatataat 
atttaaaaaa 
ttcggttaca 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1032 



Val Ala Leu Lys Arg 
15 



Leu Leu Val Glu Thr Lys Glu Gin Met Cys Phe Ala Val Lys Ser lie 
20 25 30 



Phe Gin Arg Val Phe Ala 
35 



Phe Tyr 
50 

Pro Val 
65 

Ala Lys 
Leu Thr 
Cys Val 



Glu Glu 
130 



Val Asn Leu Gin 



Pro Glu His Val 
70 

Ser Arg Arg Leu 
85 



Trp Val 
40 

Asn lie 
55 



Met Ser Leu Ser 



Leu lie 



Ser Phe lie Met 
Pro Val 



Leu Leu Thr Leu Leu Tyr 
100 



Lys Lys 
90 

lie Cys 
105 



Lys Ala 
6 0 

Asp Gly 
75 

Gly His 
Lys Arg 



Ser Ala Tyr Ala 
115 

Val Asp Thr Leu 



Phe Ser 
120 

Met Asn 
135 



lie Glu Asn Phe 



Leu Phe 



Thr Val 
140 



Leu Phe Ser Trp 
45 

Leu Arg Val Gly 



Asn Arg Arg Tyr 
80 

Glu Ala Gly Gly 
95 

Leu Gly Val Lys 
110 

Asn Arg Pro Lys 
125 

Lys Leu Asp Glu 



Phe Ala 
145 

lie Arg 
Lys lie 
Leu Phe 



Lys Arg Ala Lys 
150 

lie Val Gly Asp 
165 

Lys Lys Val Glu 
180 

lie Cys Phe Pro 
195 



Asp Tyr Lys Asp 
Gin Ser 
Glu lie 



Leu Leu 
170 



Pro Leu 
155 

Ser Pro 



Thr Gin 
185 



Tyr Thr 
200 



Asp Gly 
Ser Arg Asn Asp 



Tyr Gly Ser Lys 
160 

Glu Met Arg Lys 
175 

Asp Asp Phe Thr 
190 

Met Leu His Thr 
205 
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lie Arg Asp Ser Val Glu Asp His Leu Glu Asn Lys Ser Pro Arg lie 
210 215 220 



Asn lie Arg Lys Phe Thr Asn Lys Met Tyr Met Gly Phe His Ser Asn 
225 230 235 240 

Lys Cys Glu Leu Leu lie Arg Thr Ser Gly His Arg Arg Leu Ser Asp 
245 250 255 

Tyr Met Leu Trp Gin Val His Glu Asn Ala Thr lie Glu Phe Ser Asp 
260 265 270 

Thr Leu Trp Pro Asn Phe Ser Phe Phe Ala Met Tyr Leu Met lie Leu 
275 280 285 

Lys Trp Ser Phe Phe Ser Thr lie Gin Lys Tyr Asn Glu Lys Asn His 
290 295 300 

Ser Leu Phe Glu Lys lie His Glu Ser Val Pro Ser lie Phe Lys Lys 
305 310 315 320 

Lys Lys Thr Ala Met Ser Leu Tyr Asn Phe Pro Asn Pro Pro lie Ser 
325 330 335 

Val Ser Val Thr Gly Asp Glu 
340 

<210> 29 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 29 

gctctagaga aggttaagtc agtttagcat eg 32 

<210> 30 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 30 

ggggtacctt attttaaata ttccttatgc ttctcc 36 

<210> 31 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 31 

gtggatccat gcttggctca cttatg 26 
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<210> 32 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 32 

ttgagctcta tctcctccca gggagg 26 

<210> 33 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 33 

acggatccat gttctcgtta agactcc 27 

<210> 34 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 34 

tcgagctctt atgaatgtcg accacc 2 6 

<210> 35 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 35 

ctagtctaga atctcccctc cgataaccaa aaaatcc 37 

<210> 36 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 36 

ggggtaccta gggtttaact tagaaactat ttag 34 

<210> 37 
<211> 1200 

21 



<212> DNA 

<213> arabidopsis 



<400> 37 

tatatttgat taaaccagaa agaaagttta aacactaatc cctaatcagc aattttctcc 60 
cttcccctaa aaatcagccg tatcatatgc tcattccatt tgcattcccc acagaaagaa 12 0 
aagaaaaact tcattctctt gtttatattt cactcgcaac aaaaaaaaca aaaaaaaaca 180 
aagtgtgttc ttaaattatc ttctctgata accaaaaaag ccctattttc cgagatgaat 240 
accctagaag aagtagatga atccactcat atcttcaacg ctttgatgag tctaatgagg 300 
aaatttttgt tcagagttct atgcgtcggt ccaatcccta ctaacatttc attcatcatg 360 
gatggaaacc gcaggttcgc taagaaacac aatcttatag gcctagatgc aggacataga 420 
gctggtttca tatccgtgaa atatattctt caatactgca aagagattgg tgtaccgtac 480 
gtcacactcc acgcgtttgg tatggataat ttcaagagag gacctgaaga agtcaagtgt 54 0 
gtgatggatc taatgcttga gaaagtcgag ctcgcgatcg atcaagctgt atcagggaat 60 0 
atgaacggcg tgagaataat ctttgccggt gatttggatt cgttaaacga gcattttaga 660 
gctgcgacaa agaaactgat ggagcttacg gaggagaata gagatctgat tgtggtggtt 72 0 
tgcgttgctt acagcacaag tctcgagatt gttcacgctg ttcgaaaatc ttgtgttaga 780 
aaatgtacga atggagatga tcttgtactt ttggagttga gtgatgttga agagtgtatg 84 0 
tatacatcga ttgtgccggt tccggatctt gtgataagaa ccggaggagg agatcggctg 900 
agtaacttca tgacgtggca aacttcgagg tctcttcttc acagaacgga ggctctttgg 960 
ccggagttag ggctctggca tttggtttgg gcaattctta aattccaaag aatgcaagat 102 0 
tacttgacga agaagaaaaa gctcgattag atagtttcta aagttaaacc ctgcaggaaa 1080 
gaacttttaa ctctttatta cgtttaattt acgtgtttct atgactggaa acgagaaagc 114 0 
tcacaagcaa atctttttta ttatgtattg gatccgtata acaaacacga atatacaaaa 12 00 
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